M N D O S tu d ie s o n E le c tr o n A ffin ity a n d I o n iz a ti o n P o t e n t i a l s o f P o ly c y a n o D e riv a tiv e s o f s o m e U n s a t u r a t e d H y d r o c a r b o n s a n d B e n z e n e Julian Mirek and Andrzej Buda Faculty of Chemistry. Jagiellonian University. Kraköw, Poland Z. Naturforsch. 39 a, 386-390 (1984); received December 13. 1983 Semiempirical MNDO calculations with optimization of geometry were carried out for several polycyano derivatives of some unsaturated hydrocarbons and benzene. The results show that the MNDO method overestimates the AEA s (adiabatic electron affinity) by about 0.575 eV. as is seen from the equation AEAexp = 0.998 AEAmND0 -0.575; R = 0.9995. It was found that there exists a linear correlation between the energies of LUMO and the AEA's of the investigated compounds: AEA = -1078 LUMO + 0.387; R = 0.9979 for 40 points.
Introduction
The adiabatic electron affinity is defined as the difference of the heat of formation of a neutral molecule (in its lowest rotational-vibrational state) and the heat of formation of its anion (in its lowest rotational-vibrational state) after addition of one electron: AEA = A H° -A H~. It is well known that AEA may carry information on (i) the thermo chemistry of the reaction of ions with neutral molecules in the gas phase [1] which is essential when the stability of charge transfer complexes (CT) is investigated and (ii) the reactivity models involving CT complexes in the cyclisation reactions [2] . Further (iii) the AEA and the ionisation potential. IP. are the reactivity indexes of the molecule in the reaction with nucleophiles and electrophiles, respectively [3] , and (iv) changes in AEA and IP of the molecule reflect the electronic effects of the substituents on the reactivity of the molecule, and therefore are immediately related to the energy shape of the frontier orbitals, HOMO and LUMO.
Within the approximation implicit in the use of Koopman's theorem, the electron affinity of a molecule is related to the energy of the vacant molecular orbital LUMO. by AEA = Flumo -ö, where < 5 is the "reorganization" correction and Reprint requests to Prof. Dr. J. Mirek, Uniwersytet Jagiellonski. Instytut Chemii, ul. M. Karasia 3, PI 30-060 Kraköw/Polen. results from the fact that all electrons undergo relaxation upon addition of an extra electron [4] , Because of the experimental difficulties more precise measurements of AEA were made after 1968 [5] , and only in the last decade there were developed new techniques such as mass spectrometry of negative ions [6] and magnetronic measurements [7] which allowed to evaluate AEA's of molecules with reliable accuracy.
Ab initio calculations of AEA for small molecules were made and gave reasonable results [8] . The calculations consume, however, so much computa tional time that they cannot be used for larger molecules yet. The semiempirical methods are suitable for calculations of AEA if the geometry is optimized for the neutral molecule and its anion formed by the addition of an electron.
We have chosen the MNDO method of Dewar and Rzepa [9] to calculate AEA's of polycyano derivatives of ethylene, benzene, fulvene, dimethylenecyclobutane, methylenecyclopropane, trimethylene cyclopropane, dimethylenequinone, butadiene and methylenecycloheptatriene.
We were interested in the following questions: 
Calculations
Dewar and Thiel's version of the MNDO proce dure (Modified Neglect of Diatomic Overlap), adopted for a CDC 6600 computer, was used [10] . The molecular geometry of the neutral molecules was calculated by minimizing the total energy with respect to all geometrical variables, using the Davidon-Fletcher-Powell method [11] , within the symmetry of the molecules given in Table 2 , and within the close-shell approximation. The geometry of the anions was optimized using the half-electron (h-e) approximation for the open shell system, starting with the geometry of the neutral mole cule [12] , Results and Discussion Accuracy of the MNDO method in evaluation of AEA's
The accuracy of the MNDO method in calcula tions of the AEA of some polyeyano derivatives of unsaturated hydrocarbons, for which experimental data are known, can be seen in Table 2 . We were looking for a correlation between AEAexp and AEAcaic and found the linear relation AEAexp = 0.998 AEAmndo -0.575 (R = 0.9995, standard deviation 0.02 eV), for the first 7 compounds of Table 1 . The MNDO method seems to overestimate the AEA by 0.58 eV since the slope of the correla tion equation is very close to unity ( Figure 1 ). The AEA's of the last 3 compounds in Table 1 deviate considerably from the correlation and were not included into the correlation. The ground states of the neutral molecules of benzene and hexacyanobenzene are of D6h symmetry, so the ground states of their anions are doubly degenerated by the JahnTeller effect. MNDO overestimates the AEA of these two compounds by 1.05 and 0.8 eV respec tively, that is by about 0.5 and 0.2 eV more than is foreseen by the applied correlation equation. It seems that the energy changes of these two com pounds connected with the Jahn-Teller effect are not very well reproduced by MNDO, none the less the calculations for anions were performed in the C2v point group and the observed geometry changes connected with this effect are small. However, there is no good explanation for the deviation of AEAmndo of benzene and hexacyanobenzene from the applied correlation yet.
As it is seen from Fig. 1 and the correlation equation, two experimental values of TCNE, 2.88 and 2.03 eV seem to be incorrect and therefore were Table 2 .
p-dimethylenequinone trimethylenecyclopropane and dimethylenecyclobutane are given in Table 2 together with the point groups which were used as the symmetry restrictions in the optimization of the geometry of the neutral molecules. Due to the JahnTeller effect the symmetry of the anions of benzene, 1,3,5-tricyanobenzene and heksacyanobenzene was lowered from that of D6h, D3h, and D6h to C2V-Addition of an electron to the ethylene derivatives causes the C=C bond to lengthen by about 0.05 A, and it appears that the molecule expands after the addition of the electron. Indeed, proportionality between the energies of LUMO orbitals and AEA (both found by MNDO) is not expected (Koopman's theorem is not realized). However, these two values correlate very well, as illustrated in Fig. 2 , and the equation is AEA = -1.078 LUMO + 0.387, R = 0.9979 for 40 points; standard deviation = 0.052 eV) found by the least squares method. If the correlation is limited to one system, then it becomes better, without a change of the slope. If the change of the intercept in the equation is assumed to be a measure of the energy of reorganization of electrons of the neutral molecule after addition of an extra electron, then it is clear that this energy depends to some extent on the system considered. For benzene, p-dimethylenequinone and trimethyl enecyclopropane cyano derivatives the shift is 0.33 eV, for fulvene cyano derivatives 0.47 eV, for methylenecycloheptatriene cyano derivatives 0.60 eV, and for dimethylenecyclobutane cyano derivatives 0.65 eV. Estimation of the AEA of TCNE by the correlation equation gives 2.5 eV, which is equal to the value obtained by MNDO, and is very close to the average from the two experimental values too. Hence both experimental determinations (Table 1) Dependence of AEA and IP on the number of cyano substituents Table 2 shows a monotonic change of AEA and the First IP with increasing number of cyano sub stituents within one class of compounds, for example benzene and its derivatives. The inter action of the cyano substituent with double bonds is inductive and conjugative in character. Inductive effects lower the energy of both frontal orbitals, HOMO and LUMO, whereas conjugative effects of the C = N 7r-orbital and C=C 7r-orbitals lower energy of LUMO and rise energy of HOMO. Figs. 3 and 4. The AEA values increase with the increasing number of cyano substituents. Fig. 5 , and there is no linear correlation between the number of the cyano substituents present in the system and AEA. The change brought about by succeeding cyano groups is almost the same for all investigated systems except for ethylene.
